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Simple Summary

The discovery of rat hepatitis E virus (rHEV; Rocahepevirus ratti) in Brown rats (Rattus
norvegicus) in 2010 and its proven zoonotic potential have raised global public health con-
cerns. The widespread distribution of the rodent reservoir and an expanding host range
increase the complexity of its transmission dynamics. While the number of diagnosed
human cases is increasing, significant research gaps persist. Key questions include the
proportion of hepatitis cases attributable to rHEV, its prevalence within vulnerable pop-
ulations, and the social and environmental factors influencing its spread. Additionally,
understanding the prevalence among different rodent species, the dominant viral clades,
and the impact of pig populations on transmission risk are major research gaps. Addressing
these gaps through enhanced surveillance is essential for developing targeted interventions
and improving our understanding of rHEV epidemiology, where the disease is endemic
and reservoir hosts are present.

Abstract

Rat hepatitis E virus (rHEV) is an emerging zoonotic pathogen, increasingly detected in
human, animal, and environmental samples globally. Although rHEV shares the same sub-
family as human hepatitis E virus (HEV; Paslahepevirus balayani), which is endemic across
Africa, little is known about rHEV ecology on the continent beyond an isolated travel-
related case linked to the Democratic Republic of Congo and Gabon. As a rodent-borne
virus, rHEV poses a public health risk due to the widespread presence of the synanthropic
reservoir Rattus norvegicus. Limited data on hepatitis of unknown origin further emphasise
the need for active surveillance to understand the distribution, epidemiology, and impact
of rHEV on human health. This review summarises our current knowledge on the global
distribution of rHEV in humans, animals, and the environment, highlighting the impor-
tance of ongoing surveillance through the One Health Approach. Monitoring the virus in
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countries such as Nigeria, a country with a significant pig population and documented
circulation of hepatitis E virus (HEV), could improve healthcare for immunocompromised
and at-risk populations. Furthermore, the viral evolution may facilitate host adaptation
and transmission, thereby complicating control efforts. These factors underscore the ne-
cessity for targeted research and intervention strategies to address the emerging threat of
rHEV effectively.

Keywords: Rat hepatitis E virus (rHEV); Rocahepevirus ratti; Nigeria; Hepatitis E Virus
(HEV); zoonotic spillover; One Health

1. Introduction
Hepatitis E caused by Paslahepevirus balayani (bHEV) presents a significant global

health burden, with 19.47 million human infections worldwide and an estimated
3.3 million symptomatic cases, leading to 70,000 deaths and 3000 stillbirths annually [1].
HEV is a single-stranded, quasi-enveloped positive-sense RNA virus in the subfamily
Orthohepevirinae of the family Hepeviridae. It has a global distribution and is the leading
cause of large-scale outbreaks of acute hepatitis [2]. The virus was first identified as an
‘epidemic non-A non-B’ entity by Khuroo in the Kashmir valley [3] before the Russian
scientist Balayan detected and established its viral status by infecting himself with faecal
extracts from infected persons in 1983 [4,5].

The term ‘epidemic non-A non-B hepatitis’ was historically linked to large-scale wa-
terborne virus outbreaks in India. These epidemics typically followed severe flooding that
caused the release of human sewage contaminated with a viral agent that was serologi-
cally negative for both hepatitis A and B viruses [6]. Subsequent epidemiological studies
investigating the widespread waterborne epidemic of hepatitis of unknown origin in the
Kashmir Valley, which involved 274 individuals, were suggestive that the pathogen was a
novel member of the hepatitis viruses [7]. In 1983, HEV was first described as a distinct
viral particle in the faeces of an infected volunteer and a cynomolgus monkey inoculated
with extracts of the virus from an infected human patient. This finding was later confirmed
in an Indian patient presenting with enteric non-A, non-B hepatitis [4,8]. Following the
identification of HEV, retrospective sero-epidemiological screening of historical outbreaks
revealed that sixteen out of seventeen previous outbreaks showed the involvement of HEV,
overturning the prior assumption that hepatitis A virus (HAV) was the sole agent [4].

Due to its sero-epidemiological characteristics and enteric route of transmission, HEV
was initially assumed to be a purely human pathogen closely related to HAV. However,
HEV was later recognised as an infectious agent exhibiting distinct transmission patterns,
alongside highly diverse host and geographical distributions. Initial taxonomic classifi-
cation categorised the family into two primary genera: Paslahepevirus (including P. alci, P.
crocidurae and P. balayani subtypes HEV-1 to HEV-8) and Rocahepevirus (including R. ratti and
R. eothenomi). The human-restricted genotypes (HEV-1 and HEV-2) of Paslahepevirus balayani
(bHEV) are predominantly associated with large-scale waterborne outbreaks in low-income
regions of Southeast and Central Asia, as well as North and Western Africa. Conversely, the
zoonotic genotypes (HEV-3 and HEV-4) are endemic throughout Europe, North America,
and Southeast Asia [8,9]. Additionally, HEV-5 and HEV-6 have been isolated from wild
boars in Japan, and HEV-7 and HEV-8 were recently reported in dromedary and Bactrian
camels, respectively. Notably, HEV-7 possesses documented zoonotic potential, linked to
the consumption of unpasteurised camel’s milk. On the other hand, Rocahepevirus subtype
C1 (rHEV) is associated with rodents and shrews [10,11], C2 is restricted to minks and
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ferrets [12], while C3–C5 have been recovered from the environment and wildlife, including
voles (R. eothenomi) [13,14]. Because the full diversity of hepatitis E viruses remains incom-
pletely characterised, additional genotypes are likely to be discovered [15]. This expanding
host range of HEV is further evidenced by documented seroconversion in domestic pets,
such as dogs and cats, in the absence of any known corresponding HEV strains, strongly
suggesting the circulation of as-yet-unrecognised genotypes [15,16].

A key pathogen closely linked to bHEV is Rocahepevirus ratti (i.e., HEV-C1). Previously
called Orthohepevirus species C, Rocahepevirus ratti subtype C1 is an emerging zoonotic
agent often referred to as ‘rat hepatitis E virus’ (rHEV). Although it was first isolated from
Rattus norvegicus in Germany in 2010 [17], it has since been identified as the causative
agent of infection in several immunocompromised patients across Asia and Europe. Due
to its significant phylogenetic divergence from bHEV (sharing only 55–60% nucleotide
identity) [18], and its historical inability to infect rhesus monkeys under experimental
conditions [19], rHEV was initially considered incapable of infecting humans. However,
this paradigm shifted in 2018, when an immunocompromised liver transplant recipient
in Hong Kong was diagnosed with an acute rHEV infection, establishing the human
index case [18]. Following the first case in Hong Kong, a wide-scale clinical surveillance
programme identified an additional 21 positive human cases of rHEV infection in the
same city [18,20–22].

Since establishing its zoonotic status in rodents from Hong Kong, rHEV has been
recovered from rodent populations globally, including in Romania [23], Finland [24], Hun-
gary [25], and Kenya [10], where it was also isolated from a shrew. Current epidemiological
studies suggest that human spillover events are frequently preceded by epizootics in ro-
dents [26,27]. Furthermore, rHEV RNA has been detected in the environment, particularly
from wastewater and surface water across Europe and South America [28]. Similarly,
active surveillance of community wastewater and irrigation water in Cameroon reveals the
presence of HEV-C1-like viral particles [29] (Figure 1).

Figure 1. Timeline of rHEV detection in humans, animals, and the environment across
different countries.
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As an emerging pathogen with documented cases across different continents, rHEV
poses a distinct threat to health security, exacerbated by globalisation and its inherent
zoonotic potential. Although rodents are often classified as wildlife, their cosmopolitan
distribution and close coexistence with humans, even in extreme environments, facilitate
viral transmission and cross-species spillover. Situ et al. [21] observed that communities
may experience peak seasons when the virus is actively circulating in a population, most
likely associated with heightened human exposure risks. While currently speculative,
elucidating the seasonality and drivers of these spillover events is essential for guiding
public health interventions. Epidemiological studies show extensive circulation of bHEV in
both humans and animals across Nigeria [30]. This includes extensive circulation of the
virus in swine across several Nigerian states, supporting the premise that pigs are the main
reservoir of HEV. Furthermore, Clement et al. [31] reported a viral co-circulation among
pigs and workers of an intensive farm in Lagos.

Despite its clinical relevance, rHEV is excluded from routine diagnostic screening in
healthcare settings. This gap is particularly pronounced in low-resource settings where
constrained healthcare resources are disproportionately allocated toward highly endemic
diseases. Consequently, hepatitis B virus (HBV) and hepatitis C virus (HCV) remain
the primary targets of clinical screening when viral hepatitis is suspected, and this is
arguably because of the widespread availability and affordability of rapid diagnostic kits
for these pathogens. The ongoing shortage of adequate diagnostic assays for human
patients, combined with the lack of coordinated, large-scale surveillance frameworks across
wildlife and the environment, represents critical gaps. Therefore, the true circulation
dynamics, geographical burden, and incidence of human rHEV infections remain largely
unknown [11]. To address these open questions, this narrative review focuses on global
evidence documenting rHEV at the human–animal–environment interface. By highlighting
critical knowledge gaps within Nigeria and across Africa, this work emphasises the One
Health significance of the virus and identifies strategic priorities for future research on its
ecology, drivers, and transmission dynamics.

2. Method
From December 2025 to April 2026, we evaluated 102 articles from electronic databases

such as PubMed, Google Scholar, and Semantic Scholar. To ensure a comprehensive
overview, grey literature sources were also included. Searches were conducted using
keywords such as “Hepatitis E Virus,” “Rocahepevirus ratti”, “Rat hepatitis E virus”, and
“HEV-C1”. Eligible publications, which include original research, reviews, and relevant
web-based information, were restricted to those published in the English language.

3. Taxonomy and Structure of rHEV
The Hepeviridae family is divided into two subfamilies: Orthohepevirinae and Para-

hepevirinae. Within the Orthohepevirinae subfamily, there are four genera (Avihepevirus,
Chirohepevirus, Paslahepevirus, and Rocahepevirus) comprising ten distinct species [32,33].
Two species within this subfamily, Paslahepevirus balayani (bHEV) and Rocahepevirus ratti
(rHEV), are of broad scientific and medical interest due to their ability to cross species
barriers and infect humans and various animal hosts [32,34].

Hepatitis E viruses have a positive-sense, single-stranded RNA genome of approxi-
mately 7.2 kb, with a diameter ranging between 27 and 34 nm [17,32]. The genome features
a 5′ 7-methylguanylate (7 mG) cap and a poly-A tail at the 3′ end, with short stretches
of untranslated regions (UTRs). It encodes three major open reading frames (ORFs 1–3)
(Figure 1) that are shared across all HEV variants [35]. ORF1 encodes non-structural pro-
teins involved in viral transcription and replication [36]; ORF2 encodes the structural capsid
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protein responsible for virion assembly and attachment to host cells [37]; and ORF3 encodes
a multifunctional phosphoprotein required for viral morphogenesis and release [38]. An
additional ORF4, overlapping with ORF1, was recently discovered. This reading frame is
functionally nonessential and is exclusive to bHEV genotype 1 [16,39].

Structurally, the HEV capsid protein folds into three major structural domains: the
shell (S), middle (M), and protruding (P) domains [17] (Figure 2). The highly conserved
S domain forms a basal scaffold that supports the M and P domains, while the M and P
domains constitute the outer surface, which serves as the primary target for neutralising
antibodies and elicits the strongest immune response [40]. Within the Rocahepevirus ratti
species, there are three viral subtypes, namely, C1 (from Rattus spp.), C2 (isolated from
Mustela putorius), and C3 (from Apodemus spp.) [41].

Figure 2. HEV genome showing the major ORFs and their domains. The non-structural proteins of
ORF1 (Methyltransferase (MT), Y domain, Papain-like domain (P), Hypervariable region (HVR), X
domain, and Helicase domain (Hel)), and the three domains of the capsid protein (The S Shell, Mid-
dle M, and the Protruding P domains) of ORF2 are highlighted in blue and violet, respectively. ORF3
and ORF4 are shown in green and grey, respectively. The 5′ and 3′ ends include short untranslated
regions (UTR), while a poly A tail is located at the 3′ end.

Phylogenetic analyses of rHEV revealed two distinct evolutionary clades: clade I
(encompassing subtypes a, d, e) and clade II (encompassing subtypes b, c, and f). Clades II
and Id comprise all documented isolates originating from Asia, with clade IIb encompassing
the 22 cases reported in Hong Kong. In contrast, all other clade II isolates (c and f) and the
entirety of clade I (a, d, and e) exhibit a broader geographical distribution [20]. With an
average mutation rate of 1.06 × 10−2 substitutions per site per year (subs/site/year), rHEV
reveals a high evolutionary rate that is within the upper rank of typical RNA viruses’ rates
of (10−5 to 10−1 subs/site/year). Notably, this rate is also approximately six times higher
than the substitution rate for bHEV (1.76 × 10−3 subs/site/year), indicating a notably
high mutation frequency [42]. A study by Benavent et al. [41] supports this perspective,
illustrating that the molecular evolution of rHEV reveals a pathogen dynamically adapting
to expand its host range beyond its primary reservoir, the brown rat (Rattus norvegicus).
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A foundational driver of this adaptive evolutionary capacity is its genetic divergence;
rHEV exhibits approximately 44% nucleotide sequence divergence from the closely related
bHEV genotype, establishing it as a highly distinct lineage within the Hepeviridae family [41].
This divergence is biologically reflected in the expanding range of different animal species
from which the rHEV RNA has been recovered. However, the exact molecular mechanism
limiting efficient human-to-human transmission remains poorly understood. More genomic
sequence analysis would be required to pinpoint the precise substitutions guiding these
host range adaptations.

4. The Clinical Course of rHEV
The clinical presentation of human rHEV infection is gradually being clarified as more

human cases are reported globally. The precise incubation period of the virus is poorly
defined, unlike that of bHEV, which ranges between 2 and 10 weeks [1]. Surveillance
data from Situ et al. [21] further showed that rHEV accounts for about 50% of confirmed
chronic hepatitis cases in Hong Kong, China. Early reports of rHEV in humans have
linked infection to elevated alanine aminotransferase (ALT) levels and a severe clinical
course, especially within immunocompromised patients, who face disproportionate risk of
developing chronic liver disease. Consequently, studies across Spain, Germany, and France
have corroborated these adverse clinical outcomes among solid organ transplant recipients,
people living with HIV, and haematological malignancy patients [43–45].

In most cases, rHEV clinical presentations mirror those induced by zoonotic bHEV
genotypes 3 and 4, presenting initially as a self-limiting acute icteric liver hepatitis, which
sometimes progresses to severe chronic hepatitis in immunocompromised individuals.
Beyond classical hepatic complications, confirmed rHEV infections in immunosuppressed
patients have been linked to cases of extrahepatic manifestations, including glomeru-
lonephritis and encephalitis [22,46]. Unlike HEV genotypes 2, 3, and 4, which have been
associated with stillbirth and pregnancy complications leading to abortion [2,47], the impact
of rHEV in pregnancy remains poorly understood. However, a recent study indicates that
the virus is incapable of efficiently replicating in human placental cells [48], establishing
further that rHEV may not induce adverse outcomes during pregnancy [26].

Importantly, rHEV disease is not restricted to the immunocompromised. A study
described a travel-related event involving an immunocompetent patient who contracted the
virus and displayed classical signs of acute viral hepatitis. This confirmed that immunocom-
petent individuals are also capable of being infected and becoming symptomatic [19]. This
paradigm further reinforced the findings of similar events in Spain, detailing acute, symp-
tomatic rHEV infection in two additional immunocompetent individuals who presented
with acute rHEV infection [49].

5. Diagnostic Approaches for Rat Hepatitis E Virus
Rat HEV viral RNA has been successfully detected in blood, faeces, saliva, rectal

swabs, and liver samples. Since its first discovery in 2010 [50], various research groups have
established molecular and serological methodologies for testing. Nonetheless, global diag-
nostic surveillance remains severely hampered by a lack of commercially validated assays
and universally recognised reference consensus protocols [51]. Consequently, diagnostic
and research laboratories are forced to rely on in-house standardised tests.

Standard molecular diagnostics rely on nested reverse transcription PCR (RT-PCR) and
quantitative real-time RT-PCR (RT-qPCR). These assays target the viral RNA-dependent
RNA polymerase (RdRp) domain, which represents a highly conserved structural region
within the ORF1 across all Hepeviridae. Despite the conserved nature of the RdRp domain,
different researchers utilise divergent in-house primer sets that target distinct positions
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within the ORF1, selected based on the strains of interest or specific objectives [18,28]. This
lack of primer consensus poses a major diagnostic challenge; mismatches at primer-binding
sites can significantly alter the analytical sensitivity and specificity of the assays, potentially
leading to underreported viral loads or false-negative results in highly divergent lineages.

Serological detection of rHEV relies on in-house sandwich enzyme immunoassays
(EIAs), dot blot assays (DBAs), and the differentiated antibody response (DARE) in-
duction method. These platforms target the highly immunoreactive capsid E2 protein
(P241aa), encoded in the ORF2 region, which serves as the primary structural immunogen
strongly eliciting an antibody response. The DARE method is notable for simultaneously
screening and differentiating between rHEV and bHEV in a single step, without running
parallel assays [26].

Differentiating between rHEV and bHEV is important because they share approxi-
mately 48% sequence identity [41]. This important genetic divergence introduces a high
chance of false negatives if human HEV assays are used for rHEV. Furthermore, anti-bHEV
antibodies are incapable of providing neutralising cross-protection against rHEV. For this
reason, serological tests without corresponding PCR and sequence data are to be interpreted
with caution. Current serological techniques focus only on IgG detection, without detection
of IgM, because detecting the RNA and sequence information is essential, especially for
an emerging pathogen. Finally, just like with molecular detection, there are no generally
accepted cut-offs for in-house ELISA. Each laboratory standardises its protocols indepen-
dently, a challenge that is expected to persist, as the genetic diversity of rHEV is still unclear,
and more novel variants may be discovered in the future [16,18].

6. Control and Management of Rat Hepatitis E Virus
Effective control strategies for rHEV rely heavily on our understanding of the reservoir

host, the virus’s persistence in the environment, and the exact routes of transmission. At
present, the role of rodents in the transmission cycle has not been clearly described. While
several patients in Hong Kong diagnosed with the virus reported seeing rodents around
their residences and workplaces, the precise transmission route from rodents to humans
remains largely inferential [22]. There are increasingly documented cases of its contami-
nation of municipal wastewater and recreational surface waters (Cameroon, Spain, and
Argentina) [29,52,53]. However, there is yet no data describing its persistence on surfaces
and fomites, which are probable vectors for indirect transmission. Consequently, control
efforts must leverage current knowledge and adopt infection prevention and control (IPC)
frameworks established for its closest relative, bHEV. Control strategies can be achieved
in two ways: by controlling human–reservoir interactions and clinical management of the
disease in infected patients.

A major approach to the control of rHEV lies in the classical pest control management,
which focuses on depopulating rodents. Although intensive eradication raises concerns
about disrupting ecological balance, commensal rodents are highly proliferative and re-
silient in difficult terrains. The control of pest-attributable diseases has benefited from
this approach in the past. This, however, depends on context-specific scenarios, as the
likelihood of direct contact with rodents is significantly lower in urban centres than among
populations residing in peri-urban informal settlements or forested interfaces. Therefore,
public health campaigns must prioritise improving personal hygiene and safeguarding
food items from rodent contamination to break the chain of transmission.

As an emerging disease that complicates other underlying health conditions, a com-
mon management of rHEV frequently relies on clinically treating the condition by adminis-
tering the antiviral guanosine analogue ribavirin [54]. The use of ribavirin for rHEV treat-
ment is not without complications, as there is evidence of haemolytic anaemia and organ
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failure, leading to discontinuation of treatment. In vitro studies on the antiviral effect of mol-
nupiravir, a nucleoside analogue, and ribavirin in human hepatoma cell lines (PLC/PRF/5)
and primary rat hepatocytes (PRHs) have shown promising outcomes with minimal cyto-
toxicity. However, these drugs produced superior outcomes when combined [55].

7. One Health Approach Surveillance Frameworks
To effectively control the emergence and spread of rHEV, it is crucial to embrace the

One Health approach (OHA) as a primary mechanism for improving global health at
both local and regional levels. The OHA promotes multisectoral collaboration through
transdisciplinary frameworks at local, national, regional, and global scales to achieve
optimal health outcomes by recognising the interconnectedness of humans, animals, plants,
and their shared environment [56,57]. Although major infectious disease outbreaks, such
as SARS in 2003, swine flu (H1N1) in 2009, and MERS in 2012, highlighted the necessity of
the OHA, it was the SARS-CoV-2 pandemic in 2019 that catalysed the operationalisation of
specific OHA facets across various organisational levels [58]. Despite these advancements,
the OHA still suffers from poor implementation at the local levels. Within nations that have
formally adopted the OHA, various aspects of the framework remain largely theoretical
and are not systematically executed.

Identifying the viral agent (rHEV), its primary reservoirs (rodents), and its environmen-
tal presence (wastewater) constitutes a critical element of OHA surveillance frameworks.
This epidemiological data is essential for operationalizing the core technical domains of the
OHA framework, which include communication, prevention and control, joint outbreak
response, and governance policy [57]. A targeted One Health surveillance framework for
rHEV should focus primarily on screening for the agent in wastewater, rodent populations,
and humans. This includes identifying vulnerable human cohorts beyond the immunocom-
promised, specifically targeting individuals whose occupations, social circumstances, or
lifestyles predispose them to viral exposure. Forest guards or wildlife workers, farm owners
with rodent infestation, and those who use needles to inject drugs stand to benefit from
such interventions. Furthermore, continuous active surveillance in animals is necessary to
define the range of susceptible hosts within the Nigerian context, thereby guiding targeted
public health communication and infection prevention and control (IPC) strategies.

8. Global Evidence: A Geographical Map of rHEV
8.1. rHEV in Humans

The confirmed zoonotic status of rHEV and the increasingly diverse geographical
distribution of human cases raise questions about the true extent of its global spread.
To date, rHEV has been detected in humans, animals, and the environment (Figure 3),
establishing its One Health status. Understanding its prevalence and the implications
of its genetic diversity for zoonotic risk assessment is essential for evaluating emergent
public health threats [59]. Globally, approximately 50 human cases of rHEV have been
reported [59], with most of these cases detected in Asia. The frequency of rHEV cases in
clinical samples and sympatric rodent and other small-mammal reservoirs in Asia makes
this region an area of interest on the epidemiological map of the virus.

The majority of human cases represent locally acquired infections, except for two travel-
related events: a Canadian patient who developed symptoms after a recent trip to Gabon
and DRC [19], as well as a French patient who developed symptoms after visiting India [20].
The African scenario represents an emerging landscape characterised by diagnostic blind
spots because common hepatitis screening focuses on HBV and HCV. The Canadian case
not only suggests that the virus may be actively circulating in sub-Saharan Africa, but also
highlights a high possibility of a distinct clade, underscoring the need for active surveillance
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in human and animal interfaces [41]. This is supported by phylogenetic evidence indicating
that sequences of the Canadian patient clusters are independent from previously identified
rHEV, implying that they belong to a different genotype or a completely new subtype [19].
While it is expected that travel-related cases of emerging diseases could spark public
health concerns due to risks of large-scale transmission, this is not the case with rHEV.
This containment is likely because it is not yet adapted for effective human-to-human
transmission, unlike observed with other infectious pathogens such as the Ebola virus and
mpox virus.

Figure 3. Global distribution and ecological contexts of rHEV detections across major WHO regions.
(A) European Region (EUR). Multiple detections of rHEV have been reported across Europe between
2010 and 2025, including detections in rodents, environmental samples, pigs, and humans. (B) Region
of the Americas (AMR). Evidence of rHEV circulation includes detection in rodents in the United
States (2012), human infection reported in Canada (2019), environmental detection in Brazil (2025),
and environmental surveillance findings in Argentina (2026). (C) African Region (AFR): rHEV-related
viruses were detected in rodents and shrews in Kenya (2025), representing one of the few reports
from the African continent. (D) Western Pacific Region (WPR). Early detections of rHEV in rodents
and shrews were reported in China between 2011 and 2012, with subsequent human infections
identified in Hong Kong during 2018–2024. (E) South-East Asia Region (SEAR): rHEV was detected
in rodents in Indonesia between 2011 and 2016.cons indicate the detection context (human cases,
rats and shrews, pigs, molluscs, or environmental samples). Years represent the period of reported
detection or outbreak.
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8.2. rHEV in Animals
8.2.1. Rodents and Small Mammals

Despite reports showing the zoonotic transmission of rHEV, understanding how the
spillover events occur remains a complex One Health puzzle [60,61]. Rodents, particularly
R. norvegicus, remain the principal reservoir host of rHEV [62]. Epidemiological data from
the 22 human cases reported in Hong Kong, China, showed that only 4 (18.2%) had seen a
rodent around their residence or work environment [21].

A recent study in Kenya detected rHEV-like RNA in the African giant shrew (Crocidura
olivieri) and black rat (Rattus rattus); the respective sequences shared 94.7% amino acid
identity with rHEV infecting humans and phylogenetically matched the rHEV variant
responsible for the clinical case in France [10]. While the virus linked to the DRC and
Gabon falls under clade 1 [19], the Kenyan study suggests that multiple clades are already
co-circulating in Africa [20]. However, confirming this narrative would require extensive
surveillance across humans, animals, and the shared environment.

The unique ability of rHEV to infect multiple animal hosts around humans makes it
an important pathogen (Table 1). The virus has been detected across a diverse group of
mammalian hosts, including rodents, pigs [63], and multiple shrew species (Suncus murinus
and Bandicota indica) [10,64] (Table 1). Although rHEV has been isolated from rodents,
particularly Rattus norvegicus, confirmed human cases remain confined to a few countries,
including Hong Kong, China (22) [18,27], Spain (16) [43,49,65], Chinese Mainland (7) [27],
France (3) [43,66], Germany (1) [45], Canada (1) [19], and Thailand (1) [67].

Table 1. Global evidence of rHEV in animals and the environment from 2010 to 2026.

Location Year Source Sample Type
No of

Positive/Sample
Size

Percentage (%) Detection
Method

Argentina 2026 Environment Waste water 67/99 67.7 RT-PCR [52]

Brazil 2025 Mollusc Mollusc from
surface water 2/89 2.2 RT-PCR [68]

Cameroon 2025 Environment Waste water 19/72 26.4 RT-PCR [29]

Chinese Mainland 2011–2012

Bandicota indica,
Rattus norvegicus,
Rattus flavipectus,
Rattus rattoides

losea

Sera
166/713 (IgG)
12/713 (rHEV

RNA)

23.3
1.7

Serology and
RT-PCR [69]

Chinese Mainland 2011–2012 Suncus murinus Sera
27/260 (IgG)
5/260 (rHEV

RNA)

10.4
1.9

RT-PCR and
ELISA [69]

Finland 2018–2023 Rattus norvegicus Liver 4/216 1.8 RT-PCR [24]

France 2023 Environment Waste water 4/32 12.5 PCR [70]

Germany 2010 Rattus norvegicus Liver 1/6 16.7 PCR [17]

Hong Kong, China 2019 Rattus norvegicus Rectal swabs 7/186 3.8 RT-PCR [22]

Hungary 2017–2018 Rattus norvegicus Faecal samples 1/88 1.1 RT-PCR [25]

Indonesia 2011–2012 Rattus norvegicus Sera
21/116 (IgG)

17/116 (rHEV
RNA)

18.1
14.7

RT-PCR, serology
[71]

Italy 2019–2022 Environment Waste water 68/155 43.9 RT-PCR [72]

Kenya 2025 Crocidura olivieri
and Rattus rattus Liver N.A N.A RT-PCR [10]

Lithuania 2014–2017 Rattus rattus and
Rattus norvegicus

Liver and pleural
fluid

34/109 (IgG)
9/109 (rHEV

RNA)

31.2
8.3 RT-qPCR [73]

Portugal 2020–2022 Environment Waste water 11/11 100 RT-PCR [74]
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Table 1. Cont.

Location Year Source Sample Type
No of

Positive/Sample
Size

Percentage (%) Detection
Method

Romania 2023 Rattus norvegicus Liver 9/69 17.3 RT-PCR [23]

Spain 2021–2023 Environment Waste water 100/106 94.3 RT-PCR [75]

Spain 2022 Sus scrofa
domestica Faecal samples 44/387 11.4 RT-qPCR [63]

Sweden 2016–2018 Environment Waste water 41/51 98 RT-PCR [28]

United Kingdom 2014–2016 Rattus norvegicus Liver 8/61 13 RT-PCR [76]

USA 2012 Rattus norvegicus
and Rattus rattus Liver 34/446 7.6 RT-PCR [77]

Vietnam 2011 Rattus tanezumi
Rattus norvegicus Sera

29/139 (IgG)
1/139 (rHEV

RNA)

20.9A
0.7

Serology and
RT-PCR [78]

8.2.2. Swine, the Speculation That Needs to Be Verified

Foodborne transmission through undercooked pork is strongly established for bHEV
in general [79], but direct rHEV-specific evidence is missing. The circulation of bHEV in
domestic pigs has been documented in Nigeria. Owolodun et al. [30] reported a 76.7%
prevalence. Furthermore, serological evidence of HEV in both pigs and pig handlers in
an intensively managed farm has been recorded [31], underscoring the importance of
surveillance among at-risk groups.

We hypothesise that domestic pigs from regions with significant swine populations
may harbour rHEV, thereby serving as a secondary reservoir for zoonotic transmission to
humans. This hypothesis needs to be substantiated, given that the virus has been detected
in Spain, a country with the second-largest pig population after China [80]. This perspective
is also supported by Rios-Muñoz et al. [63], who suggested that the biological susceptibility
and reservoir status of swine for bHEV make them likely susceptible to rHEV. Notably,
Spain, a country that has regions with notable human rHEV infections, has documented
rHEV presence in domestic pig populations [63]. Whether this is a case of reverse zoonosis
or infection from a rodent reservoir is yet to be determined.

Despite the Spanish discovery of rHEV in pig populations, the exact role of swine
remains controversial. Experimental infection of domestic pigs with rHEV (Sus scrofa
domestica) was successfully demonstrated by Yadav et al. [48]. However, an attempt to
replicate this study failed to achieve the same result [81]. One of the studies from Spain that
detected rHEV in rectal, faecal, and blood samples of farmed pigs recorded a prevalence
of 10.9% [82], which aligns with 11.4% prevalence reported by Rios-Muñoz et al. [63].
Bezerra et al. [83] expressed scepticism over pigs’ status as natural hosts or merely transient
vectors [83]. They argued that pigs’ tendency to prey on rodents directly or feed on a
rodent-infested swill may have been responsible for the outcome. This caveat is supported
by the high cycle threshold (Ct) observed by the real-time PCR, indicative of a low amount
of target viral load. As a result, they suggested that the virus detected in the pigs’ faeces
may represent residual RNA and recommended that such findings be best corroborated
by blood samples to confirm natural infection. More genomic data from studies on the
role of pigs in rHEV transmission is required to provide more clarity on the matter. It is
also important to share the findings of negative results, as this will shed more light on the
subject and benefit future studies.
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8.2.3. Pets and Stray Animals

Finally, emerging evidence suggests that pets such as cats and dogs harbour rHEV,
highlighting their potential role in disease transmission. In a study on stray and companion
animals (cats and dogs) in Hong Kong, Shun et al. [84] reported low seroprevalence levels
[9/751 (1.2%) in dogs and 2/130 (1.5%) in cats] without detecting viral RNA. Similar
findings on sympatric urban cats and dogs in Southern Spain showed that some cats and
dogs are seropositive without direct detection of the virus [85]. This lack of detectable RNA
may indicate that rHEV does not persist long enough in these groups of animals. Whether
these animals are able to actively transmit the pathogen to human populations remains to
be determined.

8.3. rHEV in the Environment

The use of wastewater for surveillance, known as wastewater-based epidemiology
(WBE), is an essential tool for monitoring the trajectory of various infectious diseases. This
approach has become effective in monitoring population health in almost real time and has
been effective in reporting the spread of infectious pathogens in the past, such as SARS-
CoV-2, serving as a sensitive early warning system for impending disease outbreaks and
rapid hotspot detection [86]. Environmental monitoring for rHEV began in 2016, six years
after the virus was first reported, although data on such studies were not published until
2024 [28]. Currently, a growing number of researchers are embracing the WBE framework
in the surveillance of rHEV.

The focus on environmental transmission of disease has received a significant boost
through the advocacy of the One Health Approach. Studies on the detection of rHEV in
the environment have contributed effectively to understanding the spread of the pathogen.
More data on the environmental monitoring of rHEV from wastewater and open surface
water around the world has gained traction in recent years (Table 1), with documented
studies emerging from Sweden, Norway, Spain, Brazil, Portugal, Cameroon, and recently
Argentina [28,43]. For instance, the detection of rHEV in wastewater from Argentina
indicates that the virus is actively circulating locally, either in the human population or
among rodent reservoirs inhabiting sewage systems. In relation to surface water con-
tamination, the detection of rHEV viral RNA in molluscs, as reported in Brazil [68], has
significant public health implications, given that seafood is often consumed raw or under-
cooked [53,74]. Therefore, there is a need for active surveillance to detect potential hotspots
of viral circulation and prevent foodborne exposure.

9. The Nigerian Ecological Landscape and Possible Drivers
While our understanding of rHEV in Nigeria is very limited, identifying possible

environmental and anthropogenic drivers of viral spread can be modelled based on our un-
derstanding of its epidemiology, particularly where environmental or social-demographic
conditions overlap. A preferred scenario would be to describe HEV drivers in a global South
or sub-Saharan African setting. A more general approach that considers the principles of
infection transmission in the context of the primary reservoir host (rodents), environmental
transmission vectors (such as contaminated food/water), social determinants of health
(including migration, lifestyle, and infrastructural deficiencies), and the compounding
effects of climate change and regional insecurity/crises. Similar approaches were deployed
for SARS-CoV-2, in which understanding of the pathogen and its transmission routes
guided both pharmaceutical and non-pharmaceutical decisions before the index case was
reported in Nigeria [87].

Rodent-borne pathogens are globally distributed, but human exposure varies with the
level of interaction between humans and rodents across different environments, influenced
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by how actively they come into contact. The Nigerian rodent ecosystem is shaped by natural
biogeographical gradients that give rise to three zones: the southern rain forest, the central
guinea savannah, and the northern savannah. Rodent distribution across these regions is
driven by anthropogenic impacts such as land-use changes and food availability, which
often fluctuate with seasonal rainfall [88]. These interacting factors determine species
distributions and rodent population dynamics. A closer look reveals that the species
Mastomys natalensis, the reservoir of Lassa fever virus, is common and found around human
habitations and farm environments, where they contaminate farmed products and grains
that are not properly stored. As a result, Lassa fever seasonal outbreaks are connected
to the harvest season, which often coincides with the onset of the dry season in most
endemic regions [89]. This rodent behaviour is common with most rodents and small
mammals, as their sustenance is largely dependent on the age-long association with human
habitations. The seasonal Lassa fever outbreaks suggest that there is a high frequency
of human rodent interaction, as spill over increases with more human contacts. Other
species of rodents in Nigeria include Rattus rattus, Rattus norvegicus, Mus spp., Praomys spp.,
Lophuromys spp., Cricetomys gambianus (African giant pouched rat) and small mammals
such as Crocidura spp. (shrews) [90,91]. These rodents have a very broad distribution across
all three major ecosystems.

Environmental and social determinants such as substandard housing infrastructure,
poverty, culinary consumption of rodents, the poor sanitary conditions of conflict-induced
internally displaced persons (IDP) camps, and recurrent flooding events may provide
avenues for zoonotic spillover from rodents to humans. Studies have associated the spread
of bHEV with crises and inadequate sanitation in IDP camps, notably in North-Eastern
Nigeria and Sudan. Research indicates that a high prevalence of bHEV in these camps
is primarily linked to individuals living in close quarters and poor sanitary and hygiene
conditions [92–94]. Such conditions promote the interaction of humans and rodents, thereby
promoting the spread of zoonotic diseases. There is also the preference for rodent bushmeat
in some Nigerian cultures, where rodents such as the brown rats and the African Giant
Pouched Rats (Cricetomys spp.) are hunted for nutritional and organoleptic qualities. As a
result, more people in the bushmeat value chain are at risk of contracting zoonotic diseases
common with rodents.

10. Research Gaps and Future Directions
Previous studies on Hepatitis E in animals in Nigeria are limited to bHEV. They

showed evidence of the virus circulating mainly in rodents (Rattus norvegicus) and domestic
animals such as pigs, goats, and sheep, highlighting the role animals play in HEV transmis-
sion [30,95]. In contrast, the ecology of rHEV in rodents from forested and peri-urban areas
in Nigeria remains unexplored. Thus, a better understanding of the circulation of rHEV
in wild and farm animals is essential to identify sources of zoonotic transmission and to
initiate preventive measures reducing the risk of rHEV outbreaks in humans. Additionally,
rodents in Nigeria represent a potential portal for transmitting zoonotic agents, such as
Lassa fever and the monkeypox virus, from wildlife to humans [96].

We believe that rHEV may be spreading quietly but is not being reported in Nigeria
due to the diagnostic gap in the healthcare system. This gap is shared across several African
countries. National programmes for hepatitis testing and control in Nigeria have been
limited to HBV and HCV. The 2018 National AIDS Indicator and Impact Survey (NAIIS)
provided national prevalence estimates of HBV at 8.1% and HCV at 1.1%, offering the most
recent comprehensive data available [97]. Also, the Hepatitis Evaluation to Amplify Testing
(HEAT) project is focused on scaling up diagnostic capacity for testing laboratories to detect
hepatitis B and C and eliminating these hepatotropic viruses by improving point-of-care
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delivery and supporting national testing strategies [98]. These efforts show that HEV is not
currently prioritised as a pathogen of concern. However, the involvement of rHEV as a
comorbidity, particularly in the immunocompromised, begs for the need to incorporate
rHEV testing in the current national plan.

The global distribution of Rattus spp. facilitates the global spread of the zoonotic
pathogens that they harbour, as exemplified in hantavirus, paramyxovirus, and ro-
tavirus [99–101]. This provides additional justification for the importance of rHEV surveil-
lance from a Nigerian perspective. rHEV surveillance data in rodents could identify
hotbeds, thereby improving risk communication in areas where human–rodent interaction
is high. Surveillance could guide the activities of pest control departments in controlling
rodent populations. It also has the potential of initiating further research into the ecology
of the virus in Nigeria, alongside alerting public health authorities on the need to review
testing protocols in testing laboratories, and possibly developing case definitions for the
disease in a Nigerian context.

The synanthropic nature of R. norvegicus and R. rattus brings these reservoirs into
close contact with humans in the domestic environment. Moreover, the ecological overlap
among Nigeria, Cameroon, Gabon, DRC, and other countries in the region may high-
light the importance of investigating herpesvirus diversity in wildlife populations and
humans. The southern part of Nigeria shares contiguous rainforest ecosystems with the
DRC, and has previously reported similar wildlife-borne rodent pathogens, such as the
monkeypox virus [96].

To understand the environmental spread of rHEV in Nigeria and the wider African
region, it is necessary to consider the unique housing settings and social structures, as a
wastewater-based approach may be ineffective, given that residential areas are not typically
designed for centralised waste collection, especially in rural centres where the interaction
with rodents is likely high. To address this, infrastructural limitations to environmental
sampling may take advantage of sampling from public spaces, effluents from communities,
surface runoffs, hospitals, and septic tanks from public spaces such as stadiums and airports,
including screening effluents from pig farms, the surrounding environments, and workers
for the virus. Such innovations have been successfully conducted using discarded condoms
to indicate/track community spread of mpox, in the 2022 global spread, when it became
evident that the virus can be transferred through sexual intercourse [102].

There is a strong critical need to investigate the epidemiology of rHEV in sub-Saharan
Africa, given that a confirmed travel-related human case is linked to the region. Future
research should prioritise determining whether the virus is actively circulating within native
rodents, humans, other animal species, and possibly the environment. Determining the
rHEV status in Nigeria’s rodents and contributing genomic data from Africa would deepen
the understanding of rHEV diversity, transmission dynamics, and evolutionary patterns,
while clarifying its regional public health significance. Furthermore, prospective studies
must aim at identifying ecological hotspots, environmental variables, and socio-behavioural
determinants that facilitate viral spillover and spread. Integrating these multisectoral
surveillance approaches within the One Health framework will be essential to define the
burden of disease, assess risks to vulnerable populations, and inform targeted prevention
and control strategies.

11. Conclusions
From a Nigerian, but also global perspective, substantial gaps remain in our under-

standing of rat hepatitis E virus epidemiology, transmission dynamics, and clinical impact.
Addressing these gaps is important given the expanding geographic detection of the virus
and the close ecological association between rodent reservoirs and human populations. The
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cosmopolitan distribution and synanthropic behaviour of rodents, together with evidence
of multi-host infection and potential foodborne transmission, underscore the virus’s public
health relevance. Strengthening surveillance systems and diagnostic capacity in Nigeria
and across sub-Saharan Africa will be critical to determine the true burden of rHEV, partic-
ularly among vulnerable populations. This may include expanding surveillance beyond
rodents to include domestic animals such as pigs. Improved detection and characterisation
of this underrecognized pathogen may not only inform hepatitis control strategies but also
contribute to broader health system strengthening by enhancing preparedness for emerging
zoonotic infections.

This review is not without limitations. As a narrative review focused on an emerging
pathogen, there is the likelihood of selection bias in acquiring our data, which is an inherent
constraint of narrative reviews as opposed to systematic or meta reviews. Additionally,
data on rHEV in Nigeria and across Africa remain scarce; consequently, we extrapolated its
epidemiological features and zoonotic risks from high burden regions and from its closest
relative, bHEV.
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